Aim: To describe incidence, co-morbidity characteristics, and risk factors associated with threshold retinopathy of prematurity (ROP) in survivors with a gestational age (GA) of (26 weeks at birth. Methods: Retrospective analysis of perinatal data of all inborn survivors in all perinatal centres of Belgium in the period 1999-2000 (EpiBel cohort) believed to be between 22 and 26 weeks GA at time of delivery. Data on survivors who did and survivors who did not develop threshold ROP were compared (x 2 , MannWhitney U) and logistic regression was performed. Results: Of 303 admitted infants 175 (58%) were discharged alive. Incidence of major retinopathy (>stage 3) and of threshold ROP was 25.5% and 19.8% in survivors. Associated central nervous abnormalities were documented in six (17%) and associated chronic lung disease in 19 (54%) threshold ROP infants. Threshold ROP without additional morbidity characteristics at discharge was documented in 14 (40%) infants. Besides often reported risk factors, renal insufficiency (creatinaemia.1.5 mg/dl) was a risk factor to develop threshold ROP (p,0.0015) (x 2 ). Days of respiratory support (OR 1.02; 95% CI 1.002 to 1.039), number of transfusions (OR 1.118; 95% CI 1.030 to 1.214), and renal insufficiency (OR 3.31; 95% CI 1.344 to 8.196) remained independent risk factors to develop threshold ROP in this cohort in a stepwise logistic regression model (MedCalc). Conclusions: Incidence of threshold ROP is high at the limits of viability. Renal insufficiency is a risk factor to develop threshold ROP in this cohort.
R etinopathy of prematurity (ROP) is an important outcome variable of morbidity at discharge, especially in infants at threshold of viability. This complication of preterm birth is still a relevant cause of visual impairment in later life and is often associated with other developmental or motor disabilities. 1 Until strategies are available to prevent preterm birth itself, caregivers have to focus on perinatal risk factors involved in an attempt to develop secondary preventive strategies or to unravel pathogenic processes involved.
In the EpiBel study, all infants born in the period 1999-2000 in the 19 perinatal centres of Belgium were included if they had a gestational age (GA) of 22 to 26 weeks and were alive at initiation of labour. 2 In this paper, we focus on incidence, associated co-morbidity at discharge and perinatal risk factors of threshold ROP in survivors of this cohort.
PATIENTS AND METHODS
The EpiBel study retrospectively collected data in all 19 perinatal centres in Belgium between 1 January 1999 and 31 December 2000. All inborn births believed to be between 22 and 26 completed weeks of gestation at time of delivery and with signs of life noted at onset of labour were included. Data on 525 infants were collected. Of these infants, 303 were admitted in a neonatal intensive care unit and 175 survived until discharge. The overall survival rate in liveborn infants increased from 6% at 23 weeks to 71% at 26 weeks GA. During the same period, 58 infants (GA (26 weeks) were admitted in these units after being born outside one of the perinatal centres. These infants were left out of the EpiBel study since inclusion might introduce an additional bias if more stable infants were referred while unstable infants more probably might die before referral was considered. Only data in survivors-that is, alive at discharge, were analysed in this paper. A more comprehensive description of all infants, items collected, and methodology used in the EpiBel study is available. 2 Retinopathy of prematurity was classified according to the International Classification of Retinopathy of Prematurity. 3 GA was calculated using the expected date of delivery based on an ultrasound performed before 20 weeks gestation, or if not available, on neonatal clinical findings. Maternal data collected and analysed in this cohort were way of conception, being either spontaneous or any assisted procedure (insemination, hormonal induction, in vitro fertilisation), hypertensive maternal complications during pregnancy (either isolated hypertension or pre-eclampsia), tocolysis administered (betamimetics, indomethacin), rupture of membranes .24 hours before delivery, documented amnionitis, mode of delivery, and being part of a multiple pregnancy. Collected data at birth were sex (boy/girl) and birth weight. Apgar score at 5 minutes was registered and CRIB score was calculated. 4 Growth restriction at birth (10th percentile) in this population was documented based on charts of birth weight by GA in a population of preterm infants in the same geographic area. 5 During neonatal stay data on gastroenteric, respiratory, cardiovascular, neurological, surgical and metabolic conditions were collected and analysed. Gastroenteric: gastrointestinal perforation (Bell's stage >3), cholestasis any time during neonatal stay (direct bilirubin above 2 mg/dl), exclusive breastfeeding and length (days) of parenteral nutrition. Respiratory characteristics were administration of surfactant, length of endotracheal ventilation (days), length of respiratory support (days), and length of supplemental oxygen administered (days). Chronic lung disease (CLD) at day 28 and at 36 GA was documented and any use of postnatal systemic steroid therapy was registered. Cardiovascular characteristics analysed were medical or surgical treatment of patent ductus arteriosus (PDA) and the use of inotropics during neonatal stay. Neurological characteristics recorded were intraventricular haemorrhage (IVH) (.grade 1) and leucomalacia, documented by the worst ultrasound available. IVH was classified by Papile criteria. Metabolic characteristics collected were the incidence of renal insufficiency, transient (any time), prolonged (after day 3 and for more than 5 days) or permanent (at discharge). Renal insufficiency was defined as a documented creatinaemia above 1.5 mg/dl or 135 mmol/l. At least one session of phototherapy during neonatal stay was used as indicator of indirect hyperbilirubinaemia. The number of blood transfusions was documented and administration of erythropoietin (EPO) was registered.
All infants were examined on a regular basis by an experienced (paediatric) ophthalmologist. Examination were performed after dilatation using indirect ophthalmoscopy.
Infants who developed threshold retinopathy were cases and all other survivors were controls.
Results were reported by mean (SD) or by incidence. Incidence of major (>stage 3) and threshold ROP was calculated in survivors at discharge.
Data were studied using x 2 analysis, Mann-Whitney U, or t test. Finally, multiple and logistic regression (MedCalc, Medisoftware, Mariakerke, Belgium) were used to study independency of variables if significant in monovariate analysis. A p value of ,0.05 was considered significant.
RESULTS

Incidence (table 1)
In 175 survivors, 45 (25.5%) developed major (>stage 3) ROP and 35 (19.8%) developed threshold ROP. Cryotherapy was used in 28 and laser therapy in seven infants.
Co-morbidity characteristics (documented from birth until discharge) (table 1) Overall incidence of threshold ROP was 19.8%. Nineteen (10.6%) infants combined threshold retinopathy with CLD at 36 weeks GA and six (3%) infants had CNS abnormalities (ventriculomegaly and/or parenchymal cysts) at discharge. Two infants combined CNS abnormalities and CLD with threshold ROP. Threshold ROP was the ''only'' marker of morbidity at discharge (''isolated'') in 14 (8%) infants.
Risk factors (table 2)
In a monovariate analysis, no maternal risk factors to develop threshold ROP were documented. GA, birth weight, Apgar score at 5 minutes, and CRIB score were risk factors to develop threshold ROP. In addition, duration of parenteral nutrition, ventilatory or respiratory support, duration of oxygen administration and CLD at 28 days and 36 weeks, the use of systemic steroids, incidence of renal insufficiency, and the number of blood transfusions were risk factors significantly associated with the risk to develop threshold ROP.
Renal insufficiency was documented in 46% of threshold cases and in 15% of controls. Neonatal characteristics in infants who developed renal insufficiency compared to infants who did not developed renal insufficiency are shown in table 3. Birth weight and GA were significantly lower in cases while CRIB score and the number of transfusions were significantly higher in cases. Renal insufficiency remained an independent risk factor (p,0.01) for the development of threshold ROP in a multiple regression model with maternal hypertension, growth restriction, treatment of PDA, and amnionitis as additional co-variables. These indicators were studied because of their potentially renal side effects in the neonate.
Finally, in a stepwise logistic regression model, duration of respiratory support (OR 1.020), number of blood transfusions (OR 1.118), and renal insufficiency (OR 3.319) were independent risk factors to develop threshold retinopathy (table 4).
DISCUSSION
The incidence of major retinopathy (>grade 3) in the EpiBel cohort was 25.5%. Threshold retinopathy was 19.8%. This incidence is in line with other European cohorts but is high when compared to American cohorts (table 1) . [6] [7] [8] [9] [10] This might at least partially be explained by the high incidence of white infants in European cohorts.
Threshold retinopathy was an isolated morbidity at discharge in 14 (7,9%) survivors of the EpiBel cohort. Threshold ROP in combination with CLD at 36 weeks GA was documented in 10.6% of survivors and 3% combined threshold ROP with CNS abnormalities ad discharge in the EpiBel cohort. These co-morbidity characteristics are in line with other reports in the literature (table 1). 6 8 Although there are reports on maternal risk factors associated with threshold ROP, we could not find any significant risk factor in this cohort. 11 12 . De Jonge could not document a protective effect on the development of major retinopathy in an analogous ((26 weeks GA) population, while Higgins documented a protective effect of prenatal steroids on ROP (>stage 2) in a cohort of premature infants with a birth weight below 1250 g. 8 13 Unfortunately, we do not have data on the use of prenatal steroids in the EpiBel cohort.
Even in this very immature population, GA still remained a risk factor to develop threshold ROP. In contrast with cohorts described by Bardin, Wallace, and a recent Belgian single centre case-control study, growth restriction at birth was not associated with an increased risk to develop threshold ROP in this cohort. 10 14 15 This, most likely, can be explained by the overall high incidence of threshold ROP in immature ((26 weeks GA) infants, while growth restriction might be more relevant in relatively more mature (27-29 weeks GA) infants in whom incidence of threshold retinopathy is much lower making the impact of additional risk factors easier to recognise. Lower Apgar score at 5 minutes and higher CRIB score were associated with an increased risk to develop threshold retinopathy. The association of lower Apgar score with an increased risk to develop ROP is described in literature. 16 CRIB score was originally designed to quantify the relative risk of neonatal mortality but others linked CRIB score with morbidity characteristics during later neonatal stay. 4 17 Duration of parenteral nutrition in the EpiBel cohort is in line with the cohort described by Wallace et al and was a risk factor to develop threshold ROP.
14 Respiratory markers remained strong risk factors to develop threshold retinopathy. Duration of respiratory support was the strongest risk factor in this cohort. Length of respiratory support or days on oxygen were somewhat shorter in our cohort, compared to the findings of De Jonge et al and were more in line with the cohort described by Hussain et al. 8 9 There was no significant difference in prescription of inotropics in the EpiBel cohort. Overall prescription was high in our cohort (66%) compared to the Mizoguchi cohort (44%). 18 The number of blood transfusions administered was significantly higher in threshold ROP cases. This association has repeatedly been described but Brooks et al could not document a protective effect of a restrictive transfusion policy on the development of threshold ROP. 15 19 The number of blood transfusions still remained a strong risk factor in the logistic regression analysis in this cohort. Finally, we documented a strong association of renal insufficiency, either transitory or prolonged, with the development of threshold ROP. Even if we only considered prolonged renal insufficiency, this still remained a positive risk factor (cases 6/35 and controls 2/141, p,0.02). Renal insufficiency remained an independent risk factor in a multiple regression model even after correction for other variables (maternal hypertension, amnionitis, growth restriction, and PDA treatment) that might potentially explain a rise in creatinaemia. In addition, renal insufficiency was an independent risk factor in a logistic regression model. Defective microangiopathy and microperfusion might be the underlying common pathogenesis or creatinaemia might simply serve as an additional marker of severity of (cardiovascular) disease. This risk factor can be recognised earlier in life compared to respiratory characteristics and therefore, might be relevant in risk assessment. Unfortunately, this risk factor is more specific (119/ 138 = 86%) than sensitive (16/37 = 43%). The reverse is more relevant in screening tools.
Although there are limitations in this study, based on the retrospective, multiple centre design and on the fact only data in inborn survivors were analysed, an overall high incidence of stage 3 and threshold retinopathy was documented in this cohort, in line with other cohorts in the literature. [6] [7] [8] [9] [10] In addition, there is significant co-morbidity in the majority of infants who developed threshold ROP. Finally, besides risk factors already described, we documented renal insufficiency as an additional and not yet described risk factor to develop threshold ROP. 
